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The development of oxygen rich preburner is notoriously hard challenges because of the difficulties dealing with hot oxygen gas. In fact, oxygen rich combustion, so called lean combustion, is getting more and more attention in the field of gas burners and turbines because of NOx control [1, 2] .
However, a preburner of rocket engine is very different from conventional burners in the characteristics of combustion. The equivalence ratio of the preburner is 0.226 that is much more less than that of conventional gas burners. On the other hand, the mass flow rate and injector swirl number of the preburner are much larger.
In order to study the extreme oxygen rich combustion, several hot fire tests were conducted with preburners. Initially the O/F ratio in the primary combustion zone is about 15 and increases up to 60 to lower the temperature of exhaust gas by additional oxidizer injected from the center holes located at the middle of the combustion chamber wall.
The pressures measured during the tests were studied by FFT analysis. Dominant low frequency oscillation and its harmonics were observed from the static pressure sensors.
There were many attempts to explain the low frequency harmonics such as vortex break down, precession of the vortex core and so on [3, 4] . However as stated earlier this theories can be hardly applied to the rocket engines.
The dynamic pressure sensors also provided information of pressure oscillation. Sometimes many higher dominant frequencies were observed with the dynamic sensors. However, in this papers, the frequencies up to 1,000 Hz was mainly investigated. The tested preburner is so called a separable type, in which a mixing head and a combustion chamber can be divided. Thus, there are two LOx inlet ports; one for the mixing head and the other for the cooling channel. Since the mixing head takes all the fuel, only one fuel inlet is necessary. Refer the [3, 4] for the detailed description of the preburner.
Many static pressure sensors along with dynamic sensors and thermocouples were installed to monitor the combustion tests. Fig.   1 shows the locations and the abbreviation of the sensors. In Fig. 1 Table 1 and Fig. 3 . Figure 2 shows a typical hot fire test. The exhaust gas in the picture is almost transparent because the exhaust gas is virtually pure oxygen with little amount of CO2 and H2O [7] . Hz, respectively.
Amplitude spectrum of the FFT result was evaluated as shown in Eq. 2.
where y(t) is any function of time, Y(f) is FFT of y(t) and Ai is amplitude spectrum. Hz.
In Fig. 6 the results from the dynamic pressure sensors show that the dominant harmonics of Fig. 4 seem to turn out the minor frequencies. Fig. 7 is a fully expanded plot. It shows some peculiar high frequencies.
Once they might be considered to give bad influence to the combustion. However they disappeared in the high pressure test (Fig. 8 ).
It would be supposed that high pressure condition increased damping capacity of combustion gas [12] and lessened discontinuity of thermal properties under supercritical condition [13] . Like the results from static sensors the amplitudes acquired from dynamic sensors are also less than 1% in all frequency range. As the second approach, tangential motion was studied even though Krebes et al. [8] classified that this motion was related to the high frequency instability (>1000 Hz). Cassidy Ha, et. al [12] studied the low frequency dynamics of the LRE combustion chamber.
They found that the time delay of propellants for combustion affected the combustion stability. The longer the delay time, the less the combustion stability. Ha, et. al [12] estimated the low frequency instability of 164
Hz.
It was not easy to clarify the low frequency harmonics, the detected frequency did not affect the combustion in detrimental way and the combustion itself was very stable. In addition the combustion looked more stable with higher combustion pressure. 
Conclusion

